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Abstract of 

PROBLEM TO BE SOLVED: To provide a wireless 
data communication system that realizes indoor 
wireless high rate data communication where a 
mobile terminal and other terminal are simply 

connected at a low cost. SOLUTION: An active 
reflector 10 is provided with a reception circuit 1 1 
that receives a signal from a 1 st mobile terminal 1 3 
and with a transmission circuit 1 2 that transmits the 
received signal to a 2nd mobile terminal 14 
omnidirectionally. The active reflector 10 is placed 
at a position higher than that of the mobile terminals 
in an indoor environment to realize perspective 
communication with the mobile terminals thereby 
realizing direct communication at a high data rate 
between the mobile terminals. 
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connection between die active reflector and e.icn mobile 
terminal. No cost-intensave oasebanc processing and/or 
broadband cabling mfrastraclure is necessary, so that a 
simple and cost-eiective mdoor communication is enabled. 
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[OOCEj Win tht mi^roa rig uint l ot di^^t m a)t r > 
lawe electric and electronic devices, and the possibilitv to 
turn a big vanciy ot portable or handhold eJectromc eoiiip- 
meni. hkc e.g. Palmtop.s or recentsv aeveloned cellular 
p ] ir d o.,r ) 1 (inlrol Utr \ g o\s ntt i lor 
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itiiK itb-, wuiahlt m the 
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r. future c 


stations have to be taken into accosint or when the terrarnais 
themselves are mobile. In home or office environn^ents a low 
^osl aci oacn or inttr>.onrit..t n^ -ktijot iv c ncnt also 
implies renunciation ot any adcitional installation effort, as 
wiU be involved with setting up a broadoand cabling infra- 
strucnire tor interconnecting base stations witn a mam 
processing unit. To avoid high signal attenuation at the nm 
ot the receiving zone leopardising the system performance, 
llie radiation chatacleristic of ilie Imking device has lo 
comtjensaie for the phvsicai attenuation ot tbe sipnai 
increasing vifitn ihe distance between transmitter and 

[0005] The problem to etjsure line of sight for high fre- 
qutl^v^-J3^^ oji^ijoi vs refill the <;t3re ht i-tbv 
either placing tne RF-repeater high, la innoor environments 
at the ceiling, above the mobile units, or to establLsh a chain 
of Rt-repeaters to guide the signal around obstacles. 
.Ajio'Jier approach, as in U.S. Pat. No, 5.603.0S0. is a 
conversion of the signal to lower trcqucnacs. which require 
no line of sight for propagation, and then reconvert the 
signal so the origmal frecuencv. before it is submitted to the 
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caia CO!! tiLnicdlmn system lor diiecl ( 
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iiig to ciami 15. charactensed by at least one active reflector 
(accoraing to one ot the claims .1. to 14) and at lea.st two 
E'lobiie terminals with transceivers for direct wireless com- 
mumcation through the acuve reflector. 

[0010] The acuve reflector of the present invention works 
basically like a mirror for high frequency signals, oroviamg 
indirect line of sight for direct data transmission between the 
terminals v^thin the ceil. ITierefore no cx>st- intensive base- 
band processing unit and,'or broadband cabling intnLStruc- 
hire IS necessary, so that a simple and cost-eftective indoor 
is enabled. 
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[00 i 6] tiirther on, active refieciors may be equipped with 
an additional means !:or wireless communication between 
each other, in order to Iranster data from the sector of a first 

Prefciahiy a pencil beam type Iml: :^ i • . ' ir.\i- 

[00i7] tor easy c;.;t-ii,. and 3Vji!.:!-r,i', .iii T.,..;)-.!, 

the 1 J s ml i ! 1 ' ni ci ! j Vs 

i) ni VMdtb Jicuises - a -tu-ind id><ntij>t ilit i^eo- 
:i s;,-c for the aiitcnnae decreases due to the smaller 
vv;iveicii!..l!i. thus allowing lo realise a device with accepl- 
ali!c ciimensioris thai can be integrated in an indoor attiiicial 

iiglitiug system. 

[0018] In Ihc followina description, the present invention 
IS explained bv means of .idvanlageous embodiments in 

[0019] FIG. 1 shows the scenario of the proposed high 
data rate indoor conimumcatioii system, 

[0020] FIG. 2 is a block dimam of the active rcflcctots 
fimctional hiocks, 

[0021] FIG. 3 shows the fuuctioiial blocks oi m acuw; 
retlector with one common antenna working in FDD mocie, 

[0022] FIG. 4 prftsents the ideal radiation pattern of the 
Rx/Tx antennae of the active reflector providing a uniform 
cell coverage pattern. 

[0023] VlCr. 5 depicts the geometrical set-up for an 

[0024] ¥lVr. 6 shows a block diagram of tlie lunctionai 
units 'A an active relitctor VAth exietidtd tuncUt^nidity, and 

[0025] FIG. 7 shows the active reflector of the present 
invention integrated into a usual object used for providing 
anificial light in indoor environments 

[0026] In the drawings like elements are assigned like 

[0027] An example of the proposed high data rate indoor 
communication system dcoloying an active rcftcctor (10) in 
accordance with the present invenlion is schemalicallv 
shown in FIG. 1. The active reSkclor contiiins a receiving 
section ( i i) for receiving signals from a first mobile terminal 
(B). and a transmittiat; section (12^ tor :r.ansmittiag the 
recet^cd siiiiials to a second mobile teimiaal (14) in an 
omni-£hreeli.mai w ^y No haseb-md proces-;ng is neccssarv 
to hs-^s^en ihis coth^uriti ! ^r nls ^t[) tKbi. 

the reach of the active reflector (10). The active relleclof 
estabJi.shes a cornniiiiiicaiioti link even, when there is no 
direct line of sight amnection between the two mobile 
terminals, which is necessaiy for a radio link at the very high 
frequencies necessary tor data communication at high trans- 

[0028] Ihe active reflcUor (10) does in no %vay influence 
the logical set-up oi the data comaiiinication system, it 
merely liirwards sigiials i.foni one data tcminal to another 
data lertninal which cannot cotnmiiriicale directly due lo 
possible obstacles within ihe commtiuicaiion path. The 
active reflftcior (10) is placed at a position in the room that 


guarantees a hne of sight connection to eyerv mninie high 
d.ua r=le Lerm,ndi of the sv.-^iem. Pivferabiv the .icit've 
reflector (10) is mounted aHove the moiiile terrninal- (13, 
14), most pRifbrably at the ceiling of an office or a room in 
a home enviivinment. 

[m)29] Because the active reflector (10) works as a wire- 
iess raedialof between ihc connected niobile terminals (13. 

14) it is completely autcinomc.us with the one exception c.f 
having Li) be connecled to an externa! power supply. Advan- 

lighting system is used as a power connector for the active 
refleclor (10). Thereby, no addidonai installation effort is 
necessary io pu\ the active reilecior (10) into acdou. 
[0030J in the preferred embodiment all mobile electronic 
eqiiipmcnl terrain.ds .:.-e equipped wiih a wireless tran.s- 
cciver entity working in the tniilimctcr wave or infrared 
region. The emitting devices of the transceiver as well as its 
receiving devices should have a radiation characteristic 
which only illuminates the tipper half plane, namely the 
ceiling, where preferably higher antenna directivity !br the 
terminal side is assumed. Having as lliosc aiitcnnas with 
higher gain the system may reduce problems of muitipath 
propagation. To give the mobile terniinais access to a 
siali inary high speed dataproce.ssinij iacilttv. a base station, 
a nub or a universal home switch can Ik used as a terminal 

optional 1/0 port to a fixed backbone network. 
[0031] A block diagram of the components of a preferred 
etnlxidimenl of an active retlector is shown in FIG. 2. 
Signals from the mobile terminals are collected by an 
antenna (23) and processed in the receiving unit (11). Before 
being passed on to the transmitting unit (12), the signals are 
being amplified and filtered in ttie signal processing unit 
(15). The signal processing unit (15) t^ntams a gain block 
(20) and a filleriiig unit (22) whcniin llie signals are being 
filtered before handed over to the transmitting unit of the 
active reflector and finally emitted back to the mobile 
terminals <13, 14) by the antenna (24(. la this example the 
gain :i!oek (20) ,s .ui as,ti.-,bh o! N .ub- .m Mocks (21), 
where eiilKi!,;.. .n .: ... mhiiM!u.u..rsufwainfkvkscaube 
switched of! io accommodstc the total gain io the present 
condiiions. 

[0032J Instead of using separate antennae lor the receiving 
liiiii aiid the liansmitting unit another preferred embodiment 
of ihe invenlion suggests one common antenna for receiving 
and emitting the signals. Signals received from the common 
antenna (31) are being pa.ssed on to the transceiver (30) and 
.subsequently processed in the processing unit (IS). A local 
osv.;iilator (32) controls ihe frcquetjcv division duplex and 
the signals can be tiarisritnloti and received via the same 
ciimmon antenna. The proccfised signals are finally being 
passed on to the transceiver (30) again and transtiiitted back 
to the terminal stations (13, 14) via the cottimon antenna 
(31). 

[0033] The effcc'tveness and perform , nee oi Ihe ■,y-iem 
will W crucially inlliienced bv Ihe tadiadon iield eh.ijactei- 
Istic-; of The Ix .and i<x .antennae of ihe active repeater (10). 
In ihe loliowiui; described special tmbf.dimenr of the inven- 
tion the advantages of a uniform power coverage are out- 
lined and, because the reliability of the communication 
.sy.siem is not oiily determined by the sectored radialiott 
pattern but also the polarisation of the Tx and Rx antennae, 
different comliinations nf both will be discussed. 
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[0034] A ioT,f>nt lux jihin nati n vf he hit tn 
secior covered by the acnve repeater, imolies that the 
eievauon palieni Gi8) of the active repeater Fx and kx 
ai r t I I r 1 isj (hi i ( jte j k n j il i i-, il 

krnm S-K 4st-inueih hw he de ^ r ci ti t 
paUerr] oi. ihe recxiviiig unii Rx anttfina ano IraiiSfsitUint?: 
urns ix aiiienca oi ihe reiieclor to provide a uailorm 
coverage patiein. winch means that all mobile lennjiiai 
equioment positioned at the same height receive approx!- 
masely the same signal strength. Ilie distance between tne 
two antennae has to be consiaered as negligible compared to 
the oimensioiis oi the cell. Theretoie. the radiation pattem of 
one 01 the antennae can be considered as the common 
raaiation pattem for the active reflector as a whole. Ideally, 
il a mooile or portable terminal is a high gain antenna 
pointing airecliy to the active reflector area, tne eievatiOii 
i{ain ot the ideal radiation oattern should change wilii 
equation (1"). 


receiving antennae, Ihe receiving antenna of the acnve 
r^HsA^lo bds tht s ici nsa ion s tU t asm I ntr 
at ^nn ( i a noo L ' nnt ai si ill i ik tf ^ I a i^r in il, 

iL nn<.of the iUn.e clt.kf i» tx i i^LLnstLUis 
ri ti iviv iiittin t a fioi! t rn n \\ h tl is 
c i-npk S! nals ri n t t i rp pe i It It iin Is n 


li t I 1 t ntc n t t lit i bi 

receiving antenna oi: llie acuvc reflector is ooerated uiicer 
polarLsation in one rotation direction, and the trausmitting 
anienna of the active reflector shows a polarisation in the 
oi)|K).S!lc roiali'iii dirccuon. With Lais example no polarisa- 
1,1 bv th^ cxp^n^ of tK IJB +VB 


! 0035] The j lax Tt m of the radiation pattern occurs at 
6=0 and the mmimum at 8=0 (see 1?IG. 4). A rough 
estmate oi: OCCV.-.^ is represented in FIG. 4 wherein the 

IS f rci lof J rlnc-t jinr n{j) li^ 1 tVf- 

th I ht, itpiU \ ill J I h lurt tk C{ UKn i a s^^ nd 
device placed al some speciiic uisiancc al lae same aeisiht. 
in the toliowmp. sohitions are given for ?. bO tjHz svstem of 
me proposea maoor wireless svstem with an active reflector. 
i<or ihe calculations the antenna gam at ihe mobile terminals 
is assumed to be 20 aB, which is noi to large m order not to 
require to gooo pomung. Ifie antenna gam at the active 
reflector is assumed to oc 2 dB tor the antenna ot the receiver 
as well as lor the transmitler. 

[0036] 1 I hisl L\ ink th niunnat. of h i hi 
tc rrmi I v. iici p risi ku <. ii ic c is r i i iK 
the antir u ie it he t \. irflee e i s n \ a ii cit pohr s t ^ i 
charactenstic. With this special constellation no specitic 
multipath effect cancehation is won and the amphlication of 
the gain blocKs is limited due to couphno between the Rx 
and Ix branch ot the active reflector. 

[OO^'^I Hi e n eMTiile he n enn le ne n b. 

pc i1k I tti Ihi. IV ivu „ ni It t iiiiillu% itc! 
nae oi lue acdve rtilcclor (ii dilleient) are also circuiai 
poiansed witSi the same rotauon, in tnis ca,se signals 
rerleded from oDjects or wails ccjmina to the receiver of iiie 
s vt «crmiF 1 1' 1 noil ^ i rn-n 1 ir a klilu i 1 v ail 1 1 
il ! 5 1 1 „ n Itij 1 ft 1,1 b I d > no poldrjs t 


i.)m\ il 1 1 li. iMiifk he recuv ii^ p ni 
monk Uirin il 1 i\e i iiitdipoldiis I Linda ii-ie isi 
the transmitting antennae ot the mobile termm.'ils n 
linear poll sili r i"! rat ^ris t o ho/nil io tli 


Hepeater Noise Future 


ChanMl BaEdw-idtlj 160 Miiz 

Implsmenraticn Margia'Ncn Fiqjagation lu dB ror single cainer 

T,CKEes and 1 .i dR for OFtJM can 

Achve Repearer lleigur. J m 


[0040J A il 11 1 hi. 1 iUi t 1 li 

buJ^a ve VI f 1] 1 L,Ut, ! 1 tLI IL ! \ \\ I 

two mobile termmals to the proposed system consisting ot 
an active reiiector m two mobile terminals (.see F Hr. Si. The 
parameters lor ihe below calculations are eiven in the above 
ianle 1, the umt for all distances used is supposed to be 

[(M)41] ITie power budget tor a direct link is. 

i„=(3+3l-C-20icg(fi;)dB (2) 

[0042] 11k diiRii < 111. 11 U ku 11 Isi !i seJ 

cMi. ihis IS rcqiiirco. .since lor inis opcrauon niiiri gain 
II tm L I vt-ij cumb rsome c \cn i n{xis.sihk i ust f 
fiiorc than two mocsile termmal stations are used. 


[{M!43j I'or the iadire 


a th active r 
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nstant dependent on the v 


pt rs'ins n o\ u J, tb'-0Uj>h of-icx 's- k iir 1,1 -,t foe ir 
ruption ot one ol; the data hims. 


y»45] For a 60 GHz system C=--57 dB. Wil 1 if j-, v al 
the complete attenuation for F4=10 m and H=3 m in a 60 (.> 
system evahiates to 


H-G)dB 


[0046] for perfect iine of sight in all cases. With a reflector 
gin'n of G -30 dB, which is technically possible without snv 
problems, the proposed system with the active rerlector 
allows [or a rrii'cb ttioic ^tj^urt li'i!' w^lhoiii s.itii iti 1 11 
link budget In a direct sv^ii.iiio itic choiK^ >! il )lsi j 
link IS much higher compared tu a svsttui sel-up wilii aa 


reflecto 
[0047] The 


frequency to thi 


Hit (!5-| of !l 


lulv, 'b, Ti,.nv livers 
I I vti lr<.n'.i.!iL 1: Ih. l> 

ladv I'l; equipped Widl 


with e; 


beam 


sd tuaci 
sT^ (ft!) dlo> 


data 


thiblir i ..ndas..ond>a.vt r.tkUo.' O l^.iii In 
the scconu acuve reikclor arc recewcu t.iy tlic t:.plic.[]id Ix 
pencil beam antenna and opiionaliy the earner treqiisricy ot 
the signal is changed (dOy Consecuiively these sigiirifs are 
being conibinea with the signals received trom ihe mobiie 
terinind> withm the rtatii ol this first active rcUcctor. thtii 
the combined signal is being processed and distributed to 1 no 
mobile terminals within the reach of this first active rcflccltir 
as well as being transmitted back to the seaicd iictive 
reflector, where "it wifl atso be distributed to the inc.biis 


!1 that 


cessm^ received sianais 

i. An acti\t rcfki. vr a^ord ng t ) clai n 2 cha actt st,u 
in that ihe signal processing means comprises at least one 
gain brock (20) betv/een the receiving means and the trans- 
mitting means. 

4. An active reflector according to claim ,3, characterised 
in that the gain block comprises more than one sub-gam 
bU)ck (21\ whereby at least one ot the sub-gam blocks can 
be Kwilched off. 


V a 


refiei 


In 


7. Ar active refieeior according to clai: 
bv a lirst antuira '23^ correc. 1 he u 
and a second antenna (24) connected t( 
means Tx. 

H. An act! e i flee '■i «^coid n„ to U j 


[0050] Out .ii he ddv 
thdt 1- addmuad nstall, 

0!iilets<17)!nr'lhe i-tuu 
oifices or h 


itegrated 


lld^COt tht -UKHt-St^ 

on<.aoit~dr. uqu.Ri 


. Due to the small nhysi 


;l' liSL'lf tht; repealer i. 


mtegiaieu iiiio the usual objects ubcu lui iiie aiLiii.ct;ii 
lighting systems (7(i) in indoor environments is it is slsown 
;n Fir,. '7 Int!:s;rat.oR (■! the act.v^ r-.tleclor ir tht h )js u 

ot the artificial hghlmg makes it invisible to t.^ie peopie 
\* uikiriu, 1 ! ti ^ uifiie doe-, u^,' 1 iltit.i " it I pf 1 

[0051] To enh.incc the performaace of the system, addi- 
[.lonai Jictive >-t;!leciors may iie placed apart irorn ihe first 
active reflector at the same heig.^it .so that changes witnin ttie 
It of the .system e.g. rearranging of furniture or 


igec freauencv to the mobile terminals. 

1. i\cullcctoi ^,^,)r 11 1 tt I ul chaact iscu 

(61) for communicating data >v'ith at least one 


usual lamp (70). ^ 

15. A wireless data ciimrauaication system tor direct 
comsnunicauon beiViieen mofiiie lermmaLs m an indoor envi- 
ronment chai wtcii.«.cJ jv ■> L'^st ^re att\c rcflt^to'- (10) 
Hv-^idip., < il/'im1 aid t k ast ina/o nio ik !rmin.iK(n 
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J4) With transceivers tor direct weless through the active 

16. A^ylr6J6ss direct daia coaimunicafion system accord- 
ing !i) ciaifii cliiiraclcriswl in that antennae are osnnected 
lSu>^ r.ii s(,: mobile tcnniiiala (18). 

!7. A wifeless direct data communication system accord- 
inij. lo cimrn In, c.nsracterised in that the antennae of the 
transceivers ot the mobile terminals are high gain antennae. 


IS. A wireless direct d.it,'i conimiiiiicitioii system accord- 
ing to claim 15, characterised by at least one further active 
reflector. 

19. A wireless direct data cocumuaicatiori system accord- 
ing to claim 1.5, characterised by at least two active repeaters 
comprising antennae for ammunicating signals from and to 
a first active reilector lo and from a setxisiU active rellector. 


